Background. Hepatitis B virus (HBV) and human immunodeficiency virus (HIV) share common risk factors. The parallel description of their frequency over time may help capture their similarities and differences.
Chronic hepatitis B virus (HBV) infection accounts for approximately 0.7 million deaths per year and is the main cause of liver cirrhosis and hepatocellular carcinoma worldwide [1] . Hepatitis B virus is an important public health concern for the Western Pacific and sub-Saharan African regions, where HBV prevalence is highest [2] . The latter region is also known to have the highest endemicity of human immunodeficiency virus (HIV) infection [3] .
Hepatitis B virus and HIV share several common modes of transmission, such as sexual contact, percutaneous injury, and perinatal infection [4] . Nevertheless, transmission of these viruses commonly occurs at different time-points during the lifespan of an individual residing in sub-Saharan Africa. Hepatitis B virus is generally transmitted through horizontal contact with bodily fluids in early childhood, whereas new infections among adults are rare [5] . In contrast, HIV transmission mostly occurs via sexual contact during adulthood [5, 6] and, to a lesser extent, mother-to-child transmission [7] .
The major preventative measures are also quite different between the 2 viruses. Blocking transmission of HBV infection depends mostly on vaccination [8] , whereas the tools for HIV prevention principally involve reducing at-risk sexual activity, HIV testing, and initiating appropriate antiretroviral treatment in HIV-infected patients [9] . However, prevention strategies of 1 virus, notably integrating expanded access to antiretroviral treatment, could have consequences for the other [10] . Longterm data on the prevalence and incidence of these infections would help provide evidence for the potential successes of
M A J O R A R T I C L E
preventative efforts in the past and also clarify the current needs of transmission reduction.
To date, few studies in sub-Saharan Africa have evaluated the prevalence and especially incidence of HBV infections over the last several decades and how the epidemiology of HBV infection compares with that of HIV. We used unique data collected over an extensive time frame from voluntary blood donors in Abidjan, Côte d'Ivoire to estimate the prevalence and incidence of HIV and HBV.
MATERIALS AND METHOD

Study Design
The National Blood Transfusion Center (NBTC) of Abidjan was created in 1958 and is the only institution of Côte d'Ivoire accredited for supplying blood products at the country level. Since October 1992, donor registration information and laboratory results were available in a centralized computerized database. We analyzed data recorded at the NBTC between October 1, 1992 and July 31, 2012.
Study Population
The NBTC follows a voluntary, nonremunerated blood donation system. At each contact, volunteers are screened for the following eligibility criteria: (1) apyrexia, (2) age 17 to 65 years, (3) body weight at least 50 kilograms, and (4) no contraindication for blood donation as determined by a self-questionnaire and medical examination. At the end of the self-questionnaire, persons with at least 1 contraindication (previous transfusion, history of infectious or cardiovascular diseases, previous sexually transmitted disease, engaging in at-risk behavior) were not considered eligible for blood donation. Persons who fulfill all criteria undergo blood collection totaling 7 mL of blood per kilogram. After collection, HIV, HBV, hepatitis C virus, and syphilis tests are performed on each individual blood bag. If any of the tests above are positive, the blood bag is discarded and the donor is referred for further consultation to the Centre Médical de Suivi des Donneurs de Sang, a nearby medical center qualified to provide appropriate care and treatment to HIV and/or HBV-infected individuals. If all tests are negative, the blood bag is stored for later use and the donor is allowed to return for further donation.
Each donor is allowed to provide a maximum of 4 donations per year. These procedures were not modified during the entire study period.
Laboratory Tests
Human immunodeficiency virus screening was based on 2 consecutive enzyme-linked immunosorbent assay (ELISA) tests, and hepatitis B surface antigen (HBsAg) screening was based on a single ELISA test. The list of assays used by calendar period is shown in Supplementary Appendix 1, Supplementary Table  SA1 . Only data on HIV and HBsAg were considered in the present analysis.
Recorded Data
As of October 1992, individual data regarding each blood donation were prospectively recorded at the NBTC in a standardized database. Recorded data included the following: (1) at first donation -age, sex, name, and anonymous ID code; (2) at first and subsequent donations -date, results of the 2 HIV and single HBsAg screening tests, and outcome after screening (ie, allowed or not allowed to provide further donations).
Statistical Analysis
For every 3-year period from 1992, we estimated (1) the prevalence of HIV and HBsAg positivity among individuals undergoing first donation and (2) the incidence of HIV and HBsAg seroconversion in repeat blood donors without evidence of infection for either virus at first donation. Period prevalence and incidence were given for the overall population, as well as stratified by sex and age group.
Prevalence of HIV and HBsAg positivity was calculated by dividing the number of persons with a positive test by the total number of persons who provided their first voluntary blood donation and were eligible to donate blood during the period. For HIV, only persons with 2 positive tests were considered positive.
Incidence rates were estimated in donors who were found HIV-and HBsAg-negative at first contact, were eligible to provide further blood donations, and returned at least once for a repeat blood donation during the study period. Rates were calculated by dividing the overall number of blood donors with a newly positive test by the overall person-time at risk. Incident infection was recorded at the exact date when the test was found positive. The overall person-time at risk was the sum of individual person-time at risk. For a given individual, the period at risk started at first donation and was censored at the date of last donation, irrespective of the result (positive or negative) of the test. Linear trends across periods were tested using Cochran Armitage tests. Statistical analyses were performed using SAS (Cary, NC) version 9.3.
RESULTS
Donors and Donations
During the study period, 536 286 persons were registered in the database, 113 967 of whom were not included in the study because they were autologous donors (n = 3885), attended the NBTC for voluntary HIV testing but not to provide blood donation (n = 104 228), or were ineligible at first donation based on answers of their questionnaire (n = 5854) ( Figure 1 ).
The remaining 422 319 individuals were included in analyses. Of them, 26% were female and 74% were male. Their median age at first donation was 22 years (interquartile range, 20-28 years). A total of 1 063 825 donations occurred during follow-up from 291 999 single donors and 130 320 regular donors ( Figure 1 ). The latter group had a mean 5.9 donations per person (standard deviation = 7.5). The total follow-up time between first and last donation in regular donors was 477 301 person-years.
Seroprevalence at First Donation
The prevalence of HBsAg positivity was 10.8% (95% confidence interval [CI], 10.4-11.1) in 1992-1994 and 11.1% (95% CI, 10.9-11.4) in 2010-2012, with no statistically significant changes observed over time (Table 1) . Prevalence was higher in men than in women and remained stable over time in both genders ( Figure 2A and Supplementary Appendix Table 2 ). In women, there were no statistical differences across age categories, whereas younger men had higher HBsAg prevalence compared with older ones (Supplementary Appendix Tables 3 and 4) .
The prevalence of HIV positivity significantly decreased from 7.1% (95% CI, 6.7-7.4) in 1992-1994 to 1.1% (95% CI, (Table 1 ). Human immunodeficiency virus prevalence was higher in women than men, while significantly declining for both genders over time ( Figure 2B and Supplementary Appendix Table 5 ). In men, HIV prevalence was consistently lower in younger men compared with older ones. In women, the prevalence was higher in the 26-35 years categories during the first 10 years, and then the pattern across age groups tended to resemble that of men (Supplementary  Appendix Tables 6 and 7) .
Incidence in Regular Blood Donors
The incidence rate of becoming HBsAg positive was 7.3 per 100 person-years (95% CI, 5.9-8.8) in 1992-1994 and 0.2 per 100 person-years years (95% CI, 2.2-2.6) in 2010-2012, a decrease that was statistically significant ( higher in men than women ( Figure 3A and Supplementary Appendix Table 8 ) and higher in donors aged 17-25 compared with older (Supplementary Appendix Tables 9 and 10 ). The incidence rate of HIV seroconversion significantly decreased from 4.9 per 100 person-years (95% CI, 3.8-6.0) in 1992-1994 to 0.07 per 100 person-years years (95% CI, 0.06-0.08) in 2010-2012 (Table 2) . Incidence rates were consistently higher in women than men ( Figure 3B and Supplementary Appendix Table 11 ), with no significant difference between age categories in both genders (Supplementary Appendix Tables 12 and 13 ).
Human Immunodeficiency Virus-Hepatitis B Virus Coinfection
During the entire 1992-2012 period, 46 957 individuals were found to be HBsAg positive at first contact, and 2443 individuals who were initially HBsAg negative were found to be HBsAg positive at further donation.
Of 
DISCUSSION
Several methodological limitations need to be noted before interpreting the results of our study. First, we included voluntary blood donors, who are themselves known to differ from the general population in a number of characteristics [11] . At initial donation, further selection of participants occurred in either an implicit (ie, seropositive individuals aware of their ineligibility to donate) or explicit manner (ie, individuals with identified risk factors via questionnaire) [12] . Incident rate estimates also incorporated individuals with probably less frequent at-risk activity. Consequently, the data presented herein likely do not represent true prevalence and incidence rates of HIV and HBsAg-positivity in the general population of Côte d'Ivoire. Second, because anti-hepatitis B surface (anti-HBs) antibodies were not tested, we could not assess the underlying levels of anti-HBV immunity, either from vaccination or cleared infection, and thus the risk of acquiring HBV in the group of regular blood donors. A recent survey with a limited sample size has suggested that 23% of adults in Côte d'Ivoire have anti-HBs antibody positive serology [13] .
Third, neither HBV-deoxyribonucleic acid (DNA) nor anti-hepatitis B core (anti-HBc) antibodies were sampled, thereby making it impossible to establish whether patients had occult infection. Defined as active viral replication in the liver with HBsAg-negative serology [14] , this form of HBV infection is commonplace in sub-Saharan Africa [15, 16] . Some of the incident HBV infections observed could in fact be patients with occult infection who residually expressed detectable levels of HBsAg in the blood [17] . This may also explain why serology compared with HBV-DNA is not highly concordant for repeat blood donors [18] .
Fourth, the HBsAg assays changed over time and because there are slight differences in the performance of these tests [19] , our estimates on HBsAg prevalence and incidence may have been biased. Fifth, 1.1% of individuals who underwent HIV serotesting at first contact did not have concomitant HBsAg test results according to the database. If missing data did not occur at random, this may have also biased our HBsAg prevalence and incidence estimates.
Sixth, voluntary testing for HIV was poorly available at the beginning of the 1990s in Abidjan and then increased over time. Some people could have used blood donation as a means of testing, whereas this phenomenon could have decreased over time. This may partly explain the decrease in HIV prevalence at first contact described herein.
Finally, follow-up and blood collection terminated in individuals infected with HBV after the first HBsAg-positive test. We were unable to assess the proportion with chronic infection from a second HBsAg-positive sample within at least a 6-month period. Considering that approximately 5% of adults infected with HBV develop chronic infection [20] , we would expect that the majority of incident infections were acute.
Within the context of these limitations, our article provides the longest follow-up period to date allowing a more thorough description of temporal patterns in prevalence and incidence rates of HIV and HBsAg seropositivity among blood donors from sub-Saharan Africa.
Both the prevalence of HIV in first-time blood donors and incidence of HIV in repeat donors decreased over time. Our data uphold previous accounts of decreasing HIV prevalence across many parts of the continent [21] . The observed decrease in HIV incidence could be due to lower at-risk sexual activity, specific large-scale interventions aimed at increasing condom use among casual partners, or widespread antiretroviral treatment in individuals infected with HIV [9] . The only other study to examine HIV incidence in sub-Saharan Africa with a similar design did not replicate these temporal findings [22] . Given the close resemblance of sex and age distributions, it is difficult to pinpoint any demographic phenomenon explaining these differences.
Data on HBsAg-positive serostatus suggest a different pattern. The prevalence of HBsAg positive for first-time donations remained largely stable over the 20-year period. Research in other regions of the world has in fact observed decreases in HBsAg-positive prevalence in the general population, yet stable time trends have been described in other African countries such as Ghana or Tanzania [23] or among certain blood donor groups [24] [25] [26] . Decreases in HBV prevalence in other countries have been largely attributed to successful vaccine campaigns after childbirth [27, 28] . Infant HBV vaccination has been standard in Côte d'Ivoire since 2000 [29] ; therefore, we would not expect to see any effect from vaccination in our 1992-2012 estimates.
In contrast, the incidence of HBsAg positivity decreased dramatically over time. The literature on HBV infection within the continent supports that the vast majority of infections are horizontally acquired during childhood and rarely during sexual contact [30] [31] [32] . It is then surprising that significant rates of incident infections were observed during the study period. Other studies with similar designs and smaller sample sizes have also observed incidence rates ranging from 2.5 to 5.9 per 100 persons-years [24, 33] , yet it is difficult to infer any time trends given their short periods of observation. Laboratory diagnostic tests have changed little over the past 2 decades, and, without strong vaccination efforts during childhood for many of the participants, it is unlikely that incidence of occult HBV infection increased over time [34] . Therefore, the decreases observed in our study may be due to declines in HBV transmission.
There are several interesting features to mention when contrasting data on HIV and HBV infection. First, despite declines in both HIV-and HBsAg-positive incidence rates over time, the HBsAg/HIV incidence ratio increased from 1.5 in 1992-1994 to 4.5 in 2010-2012. These data underscore the higher relative prominence of HBV infection, which has been emerging over the last decade as a major public health issue in sub-Saharan Africa [35] . Second, with the decrease in both HIV-and HBsAgpositive incidence rates, it could be speculated that these findings were due to reduction in commonly shared transmission factors. Whereas scaled-up antiretroviral treatment is likely to have influenced decreases in HIV incidence, it is unlikely to be the most important explanation of the trends in HBsAg. An antiretroviral therapy (ART) regimen containing the anti-HBV agents lamivudine and tenofovir has been associated with reductions in HBV transmission [10, 36] . These agents started to be commonly used in Côte d'Ivoire in 2004 and 2010, respectively. However, individuals coinfected with HIV-HBV account for a limited fraction of the overall population of adults infected with HBV. Therefore, it is unlikely that this exceedingly small fraction of HBV-infected people receiving ART explains the trends we observed. Third, the fact that HBV prevalence was highly similar to estimates from voluntary counseling centers, whereas HIV prevalence was much lower [37] , suggests that self-selection before blood donation might occur less frequently with HBV than HIV.
In addition, the epidemiology of HBV and HIV infection, according to our data, starkly contrasted between genders. Human immunodeficiency virus estimates in both prevalence and incidence rate were higher in women than in men, whereas the opposite was true for HBsAg-positive serology. These findings, as well as their consistency over time, are in line with others regarding the HBV and HIV prevalence from the region [24, 25, [38] [39] [40] . This contends that gender may need to be considered when targeting testing and prevention strategies for specific infections.
CONCLUSIONS
In conclusion, HIV prevalence at first contact decreased dramatically, while HBsAg seropositivity remained stable, in this large, 2-decade study among voluntary blood donors from Côte d'Ivoire. Incidence of both infections substantially decreased among regular donors over time, possibly highlighting the successes of previous intervention efforts. Nevertheless, reasons for the relatively high incidence of HBV infection should be elucidated in further research, because it could suggest a much more frequent incidence in HBV infections among adults than previously expected. Anti-HBs antibody status should be further provided to HBsAg-negative blood donors so that they may benefit from HBV vaccination.
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